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| NTRODUCTI ON

EC 1165-2-203 requi res Major Subordi nate Commands (MSC) to
performquality assurance (QA) eval uations of district
engi neering products. The EC states in part:

"Division QA responsibility is to evaluate and recomrend
changes to the district’s QC process. The division QA process
w Il assure that the QC plan for the project is appropriate.
Through such QA nmechani sns, the division assures that
districts are able to plan, design, and deliver quality
products on schedule, within budget, that are acceptable to

t he custonmer and Federal Governnent."

The Sout hwestern Division established Quality Assurance
requi renents through the devel opnment of a QA Plan in August
1995 essentially conplying with the EC and conpri sing the
foll ow ng features.

C Approval of district Quality Managenent and Quality Control
(QC) Pl ans

C Evaluation of district processes through site visits
C Interviews of district personnel of various grade |evels

C Technical evaluation of the quality of selected district
products

C Subjective evaluation of district product quality
C Use of indicators to define district process capabilities

C Evaluation of engineering quality during the construction
process

C Evaluation of customer satisfaction related to engineering
qual ity after beneficial occupancy.

We deci ded the success of our QA programrequired us to add val ue



to district products through "COACH NG - ASSI STI NG - TEACHI NG'
district personnel. The results achieved wthin Southwestern
Division (CESWD) in evaluating district quality have produced
sone interesting insights into what is being achi eved and what
can be inplenented to ensure continuous inprovenent in product
quality and district processes. This paper explains the CESWD QA
met hods and provi des reconmendati ons to change district processes
to inprove the quality, tineliness, or cost of products.

QUALI TY ASSURANCE PLAN AND | MPLEMENTATI ON

Four itenms are critical in the evaluation of district quality
and providing inprovenent recomendati ons.

C A QA Plan that describes what is to be done

C Anethod to inplement the QA Pl an

C District support through partnering and program buy-in
C A senior level multidiscipline QA Staff

QA PLAN

CESWD devel oped our QA Plan fromthe various Task Force
instructions for division and district restructuring of
responsibilities. The QA Plan includes the eight essentia
features in EC 1165-2-203 required for an appropriate QA program
Usi ng these features the QA Plan defines nethods and anti ci pated
results for the CESWD Qual ity Assurance Teamin eval uating
district quality and processes. Supplenents and attachnents to
the QA Pl an include: performance indicators; interview questions
for site visits; and a checklist for evaluation of district

Qual ity Managenent and Quality Control Plans.

QA | MPLEMENTATI ON AND DI STRI CT BUY-1 N

| mpl enent ation of our program started with furnishing each
district an information package including our QA Plan, the

| npl enent ati on Pl an, performance indicators and ot her pertinent
data. A request for coments on the package and announcenent of
a neeting for district Engineering D vision Chiefs was included.
The intent of the nmeeting was to obtain district buy-in and
support for our QA program Judging by the witten district
responses on our information package, we perceived a difficult
task to achieve district support by the end of the neeting. Proof
of the inportance of coaching-assisting-teaching resulted with
obtaining district buy-in and support of the QA Plan at the one-



day neeting. Scheduling initial QA Teamsite visits at each
district achieved the initial goal of the QA Plan.



QA TEAM SITE VISITS TO DI STRI CTS

The expectations of the QA Teamfor the district site visits were
hi gh. Nunerous di scussions wth district counterparts resulted

i n agreed upon agendas and audit nethods. Schedul es involved site
visits to the districts for two to three days, depending on
district size and m ssions. Agendas included informal discussions
concerning district processes, staffing | evel s/ needs,

organi zational structure, quality control docunentation, and the
per cei ved functioning of the engineering division processes by
various levels of staff.

WHAT WE FOUND OUT

Engi neeri ng desi gn personnel usually produce quality products, on
time, within budget, neeting the custonmer’s valid requirenents in
spite of the engi neering design processes or |ack thereof! Wy?
Conpet ent engi neers and technicians have pride in their work and
want to performwell. Wth that said, we found the current

qual ity docunentation nmaintained by the districts were not
adequate to define why certain choices were nade, identify
possi bl e trouble spots early in the design effort, ensure
schedul es and costs were properly tracked, and appropriate
criteria were readily available to the designer.

SOVE PROBLEMS - SQOVE SOLUTI ONS

Achieving quality is sinply acconplished by establishing facts
about engi neering processes defining who, what, how, and when
tasks are acconplished and what is being achi eved. Eval uation of
these facts identifies areas for inprovenent. |nplenentation and
nmonitoring of the change results in verification of the process

i nprovenent. Typically, this is the basis of the Shewart Cycle of
Pl an- Do- Check-Act (P-D-CA). Qur site visits reveal ed sone | arge
process rel ated problens with sinple solutions.

C Project selection for in-house design did not match in-house
capabilities to project requirenents. This resulted in | ack of
docunentation (for possible process inprovenents) that the
di strict had adequate technical capabilities and proper
personnel to produce a quality product. Changes in district
processes to match/ docunent project requirenents to district
capabilities have the potential to enhance district design
quality. The solution, inprove the project acquisition
strategy to docunent project technical requirenents and
desi gner/revi ewer capabilities.

C Product design schedules included only the overall start date
of design and the final design conpletion date for particul ar



stages. Interviewees conplained the sane design start and
finish dates for all sections resulted in their failure to
nmeet schedul es. Enhance the schedul i ng process by devel opi ng
overal | sequential schedules for the various sections

recogni zing floor plans are needed prior to start of detailed
mechani cal and el ectrical design; nechanical electrical power
requi renents are needed prior to conpletion of electrical

desi gn, etc.

Avai | abl e funds and schedul es were i nadequate for proper

| ndependent Technical Review (I TR). The cause appeared to be
a lack of input to identify cost and schedul e requi renents for
the review Revise district processes to require estimted
revi ew schedul es and costs to be included in the Project
Management Plan (PMP) or a simlar stage (for A-E work too).

| n-house designs omtted in-section checks. The cause appeared
to be a lack of input to identify cost and schedul e
requirenents for the review. Revise district processes to

i ncl ude schedul e and cost requirenents for in-section checks.

Each desi gner assenbles project criteria independently.
Devel op standard criteria packages and checklists for

di sci plines and specific custoners. Ensure electronic nedia
(TECH NFO and EIRS Bulletins are a good source for recent
criteria changes) and hard copy criteria are readily avail able
to the designer through the engineering division criteria
system Criteria availability is especially inportant to the
mechani cal engi neer.

Specific I TR Team nmenbers were not independent of the design.
Docunent ati on indicated Section Chiefs were performng | TR
Revise district I TR selection procedures to identify

desi gners, in-section checkers, |ITR nenbers, and alternates in
t he PMP.

Quality control docunentation was inconplete. Docunent who,
what, why, where, when, how nuch, and other itens relating to
processes and results so "what went right" and "what went
wong"” in a product can forma basis for future continuous
process inprovenent. Evaluate the "whats" after each design
conpl etion stage and devel op/i npl enent needed i nprovenents.
Use P-D-C A

Lessons | earned docurmentati on was i nfornmal and i nconsi stent.
Each district, and sometines each section in the district, had
di fferent nethods for | essons | earned docunentation. |In sone,
there was no permanent docunentation. Establish a forma

"engi neering-w de" district nmethod for conpiling | essons



| earned. Electronic nedia nay be appropriate in nmany cases.
Assign responsibility for updating the | essons | earned. CESW
is devel oping a standard electronic nedia format for district
use.

C ITR Team Menbers did not routinely participate in engineering
resol ution of design deficiency type contract nodifications
(DDCM). Establish internal standard operating procedures to
achi eve participation of designer and appropriate | TR nenbers
in resolution of DDCM Refer to CESWD- ETE-T Nunbered Criteria
Letter XV, 1-01, 2 April 1997. Docunent results in Lessons-
Learned as appropriate.

C An overall schedule or work plan of current and future work
within the District’s Engineering D vision did not exist.
Sof tware (PROM SE when avail able) allows the devel opnent of an
overal |l forecast process of schedules for in-house and A-E
design mlestones relating to engi neering work. Partnering
wi th project managenent elenents is recomended to devel op
appropriate conprehensive work plans to neet district standard
oper ati ng procedures.

C Preparation of appropriate as-built drawi ngs was a recurring
probl em Engi neering el ements shoul d chanpi on the devel opnent
of a teampartnering effort for as-built preparation with the
custoner, district’s construction and engi neering el enents,
and the construction contractor. Establish detailed
requi renents and responsibilities for preparing as-built
drawings. In the PMP address scheduling and budgeti ng
requi renents for the as-built effort.

C Downsizing and restructuring of districts had reduced sone
basic technical capabilities to critical |evels. Mandated
staffing reductions are creating a vacuumin the recruitnent
and devel opnent of young district designers. Restructuring to
pl ace a single type design discipline in several different
sections is further conpoundi ng the probl em because of on-the-
job mentoring shortfalls with this type organization. Devel op
engi neering training and recruitnent plans to recogni ze and
mtigate both short and long-terminpacts of staffing
reductions. Plans should address current and pl anned
regional i zation, centralization, and virtual design
initiatives. These problens were especially apparent in the
mechani cal and el ectrical disciplines because of the nunerous
speci alties.

QUTBRI EFI NG

The Qutbriefing at each district was informal with each QA Team



menber providi ng general observations and results of individual
discipline interviews. In summary we found a quality work force
of professional and dedi cated enpl oyees producing quality
products. However, everything was not perfect. Process problens
(as noted above), staff reductions, continuous restructuring
efforts, and unfunded nandates were becom ng nore visible

roadbl ocks to the production of on tinme, wthin budget, quality
pr oduct s.

QUALI TY ASSURANCE PRCDUCT AUDI TS

Sout hwestern Division QA product audits are generally
acconplished after the fact. Specific product audits are a
product life cycle undertaking (cradle to grave). For exanple in
the case of an MLCON project: The project is randomy selected
at 1391 startup, the district provides design data for each phase
as it is developed (the QA evaluation report significantly |ags
the recei pt of data) such as PMP/ QCP, concept, annotated review
coments, final design, annotated comments, RTA docunents,
amendnent s; construction aspects are nonitored; and finally
custonmer satisfaction is surveyed. Initial product audits

i nvol ved one on going and one start-up project for both the

M LCON and Civil Wrks Prograns for each district. This paper
addresses only the planning and engi neeri ng desi gn phase since
our product audits have not progressed into the construction or
customer occupancy stages.

METHCDS

The CESWD- ETE-T QA Team conducts the product audit. The teamis
conposed of a Registered Architect, and Cvil, Cost, Electrical,
Envi ronmental , Geotechnical, Hydraulic, Mechanical, and
Structural Registered Professional Engineers. Team nenbers

eval uate the product information for both their discipline and
conpliance wth overall quality considerations. No discipline
area or itemof quality evaluation is "off-limts" to any team
menber. The product audit uses three nethods.

Product Techni cal Eval uati on

This method involves a technical review to assist in determning
process shortcom ngs and a subjective evaluation of the

di sci pline design quality. Product evaluation occurs at each
stage for design docunents, comments, and comment annotati ons.
The focus of the evaluation is on technical quality shortfalls
caused by district processes involving the design, in-section
checking, and | TR processes. In sone instances the technical
eval uation may reveal significant code/criteria violations



endangering user safety or successful achi evenent of custoner
satisfaction. |In these rare instances the QA Teaminformally
advi ses the district of the concerns. After the fact
identification of concerns may, in sonme cases, inpact their
resol ution.

Subj ective Quality Eval uation

The second nethod of district quality evaluation is an overal
and discipline specific subjective quality evaluation by each

i ndi vidual team nenber. A formsimlar to that for A-E

eval uations (DD Form 2631) is used. Each QA Team nenber
conpletes the formfor the specific product stage evaluated. At
proj ect advertisenent, the CESWD Engi neering Division Chief
assigns the product quality rating based on all the individual
di scipline ratings. This subjective quality rating, in
conbination with interpretation of technical eval uations,
performance indicators, nmonitoring of construction and custoner
satisfaction interviews defines overall district quality.

Per f or mance | ndi cat or Measur enent

This is somewhat of a bean counting exercise. Each specific
discipline is invol ved because of the conplexity of result
interpretation and classification of corments into categories of
techni cal, nontechnical, functional, and O & M Coment count
for each category is tabulated, charted, graphed, etc. and
results analyzed. The resulting performance indicators are an

i ndi cation of the performance capability of each district’s

engi neering processes. As such, point by point conparison of
per formance neasurenent results between districts is relatively
unreliable and best left to the CVR performance nethods. The QA
performance indicators for the MLCON and Civil Wrks design
stage generally involve the follow ng ten areas:

C Design subm ssion schedul es
C Target design costs

C Project cost

C Technical criteria

C Functional criteria

C Constructibility

C Conpl eteness of design docunents



C O& Mcosts

C Construction award dates

C Designer/revi ewer experience
MORE PROBLEMS - MORE SOLUTI ONS

Experience wwth the quality assurance audits of our QA program
have highlighted the need for senior technical personnel to be
involved in the QA effort. The technical evaluation of the
district product is inreality a technical review that relates
product shortcomngs in facility "systens design"” and criteria or
regul ati on conpliance to district engineering division processes
and their inplenmentation.

Pr oduct Techni cal Eval uati on

This stage of district quality evaluations has reveal ed the
majority of quality related process problens. Audits show sone
system c process problens and possible solutions are:

C Processes do not assign responsibility for identifying
criterial/regul ation waivers to appropriate personnel. In
addi ti on personnel are not adequately famliar with al
criteria to identify waiver needs. Typically in the
mechani cal design area changes to the CEGS hi ghlight possible
needs for waivers. District designers, and especially the
| TR teans, need to becone nore cogni zant of waiver
requi renents. Possible solutions include a revi ewer
checklist, review of "marked-up" CEGS to identify changes,
and better famliarity of criteria.

C PMPs do not adequately address project acquisition strategies.
PMP devel opnent receives low priority within the entire
di strict organi zation. Provide explanations in the PVWP to
define project requirenents against district capabilities.
This provides an early indication of the need for any speci al
di sci pline requirenments such as invol venent of a TCX/ MCX or
special consultant and the availability of appropriate
desi gners and in-house | TR nenbers.

C Flawed selection of "facility systens". Typically, each
discipline has favorite facility systens that are repeated
project after project. Revise district processes for the
initial nmeeting of design team nenbers to encourage outside-

t he-box thinking (simlar to value engineering brain stormng
met hods) to develop facility design alternatives. Ensure this
process results in custonmer buy-in for selected facility



system sol uti ons.

I n-section reviewers/checkers are al so nenbers of the ITR
follow on review. Revise district processes to continuously
reval i date, update, and docunent the entire product team
menbership and QCP. Define various team nenbers and
alternates in the PWP.

Desi gners and checkers do not "initial" all calcul ations.
Devel op conpliance nethods for this itemof the QCP
Designers, in section checkers and reviewers, the I TR Team
Menbers, and Chief, Engineering Division (or simlar
authority) should be required to sign quality certification
forms. ER 1110-345-100 contai ns gui dance.

| nadequat e coordi nati on between disciplines. Regardl ess of
criteria, checklists, designer experience, in-section

checki ng, CADD overlays, and I TR - water piping and ductwork
install ed above electrical panels is a commbn occurrence.
Since none of the above works how about a section cerenony
wth a "gold star” award for perfect msses (or hits) of

el ectrical -nmechani cal panel interferences.

Routi ne check off of checklist itens. Designer check off

i ncluded inappropriate itens. Require district processes to
have the I TR Team spot check any checklists conpl eted by
desi gners and included in project docunentation.

Comment action incorrectly annotated. Designer research and
action on comments require tine, so does the back-check by
reviewers. Revise processes to ensure designers provide
correct response action to comment annotations coordinating
any deviation fromthe annotated response with the revi ewer.
Include a final in-section check to ensure the correct

annot ation and resultant action.

PMPs, where required, are poorly coordi nated between project
managenent (PM and engineering elenments. Include in

engi neering processes provisions for coordination with PMto
ensure recei pt of a copy of the original and all updates of
the PMP by engineering elenents. Simlarly, furnish QCP
revisions to PM el enents.

The | TR provi des comments usi ng marked-up docunents rather
than formal conmments. Revise District QCP and processes to
require formal | TR comments.

Wen an A-E perfornms portions of an in-house design, BCO
comment coordination with in-house personnel is |acking.



Addi tionally, evaluation of full A-E conpliance with the
contract scope of work may not occur. Revise district
processes to route all BCO comments through the appropriate
engi neering elenments. District processes are to define
responsibilities for ensuring the A-E has net technical

engi neering requirenents of the contract.

C QC Plans do not reflect changes in product team nmenbers.
Assign responsibilities in the QCP for updates of the team
menber partici pants.

C Designers do not consult with custonmers concerning preferences
for facility systens. Revise district processes to include
provisions for soliciting input fromcustoners for preferred
bui |l di ng systens. (Cbtain waivers when custoner preferences
conflict wwth criteria.

Per f or mance | ndi cat or Measurenents

Devel opnent of performance indicators is a |long-term process
requiring nunerous sanples to provide reliable results. CQur
current QA program because of small sanple sizes, has not
identified capabilities of individual district processes;
however, eval uation of overall results has reveal ed areas where
significant inprovenents nay be possible.

C ITR team nenbers are maki ng nunmerous nontechnical (such as
spelling error) coments. Since msspelled words and sim |l ar
errors inpact the custoner’s perception of a quality product;
the I TR nenbers should not nmake this type of comment. This
type of comment by the ITR also tends to indicate the design
and checki ng of documents prior to | eaving the section should
be nore thorough. Revise district processes to reflect
appropriate procedures for I TR and in-section reviews.

C Nunmerous I TR team nenbers of different disciplines acconplish
detailed reviews of all portions of a design docunent.
Instruct | TR nenbers to performa detailed review only for
their particular discipline. Recognize the need for sone
m nor overlap of the review effort because of nultidiscipline
desi gn/revi ew coordi nation

C Experience |levels selected for designers versus reviewers are
i nappropriate. Nunerous detailed reviewer technical comments
indicated a need for reversal of the designer and reviewer
personnel selections. In lieu of role reversal, better
ment ori ng by senior engineers mght be used to m nim ze design
and review costs. Revise district processes to identify, at
the PMP stage, project requirenents versus designer and



reviewer capabilities.

C Custoners provided nore technical comments than the I TR
Numer ous contributing causes may exist in district processes.
The custoner’s criteria were unknown or | TR revi ew
instructions and internal section checks were inadequate.

Q her factors mght include insufficient reviewtine in
schedul es or even insufficient review funds. Ensure district
processes contain standard operating procedures for |TR
internal checks, and interface between the district design
team and technical representative of custoners.

C Back-check review of comrents resulted in many repeat coments
for those annotated concur or will conply. Include a final in-
section check of comments and docunents as standard district
operating procedure. Any change from previously agreed
coment di sposition should be coordi nated between the revi ewer
and desi gner.

C Technical comments indicated designers are unfamliar with
proper criteria and regulations. In sone cases even the ITR
menbers were not know edgeable. This was a recurring item
between districts and disciplines (especially for the
mechani cal discipline). Prolific nmechanical criteria and
i npacting regul ations do exist. A possible solution based on
di scussions with districts and their perceived needs is a
singl e docunent containing cross-referenced criteria. One
possi bl e solution is HQUSACE funding of a district effort.

O her alternatives include inproved checklists and better
criteria search procedures devel oped by districts, MCs, or

HQUSACE

SUMVARY

Coachi ng- assi sting-teaching the district about the Sout hwestern
Division’s Quality Assurance nethods, procedures, and

i npl enentation has required a teampartnering effort. Prelimnary
results indicate the i ndependent CESWD QA eval uati on can provide
cost-effective inprovenents in district production of quality
products. The recommended district process inprovenents

hi ghlighted in this paper denonstrate the far reaching cost
effective quality inprovenent inpacts that can be achieved by
appl yi ng coachi ng- assi sting-teaching techniques to Process
Oiented Quality Assurance.
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